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(54) Abstract Title 

A liner for a fluid-cooled stator 

(57) A stator assembly 1 of an electrical machine is constructed from steel plate laminations 10 with t eth 12 
extending radially inwardly from an outer ring 11. Coils 2 are mounted in slots / cavities 3 between teeth 12. 
The slots 3 are filled with coolant fluid, and a liner 4 forms a barrier between the coolant and the interior cavity 
9. The liner 4, which is made from a plastics material or a composite material such as glass reinforced plastic, 
comprises a barrier layer 6 and shaped elements 5 which act as resilient anchors for the liner 4. Thus, th 
barrier layer 6 between the elements 5 can be thin despite the low mechanical strength of the material from 
which the liner 4 is formed. The elements 5 are wedge shaped such that the pressure created by coolant 
expansion or flow, or by expansion of the coils 2 within slots 3, creates engagement between the elem nt 5 
and opposed opening surfaces of each slot 3. Deformation of the barrier layer 6 is thus limited in comparison 
with a previously plain section cylinder liner. 



Fig.2. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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A Liner 

The present invention relates to liners and more 
5 particularly to a liner used within a stator assembly of an 
electric machine such as an electric motor or an electric 
generator. 

An electric machine comprises a stator assembly and a 
rotor, in an electric motor an electrical current supplied 
10 to the stator assembly creates rotary motion of the rotor. 
In an electric generator rotary motion of the rotor 
produces an electrical current in the stator assembly. 
With low power arrangements it is possible to depend upon 
air cooling but with higher power or higher efficiency 
15 units it is necessary to provide some form of coolant. 
Typically, the coolant will comprise a liquid coolant, for 
example, an oil or water based coolant associated with the 
generator or motor stator assembly, and must be separated 
from the rotor. 

!0 In accordance with the present invention there is 

provided a liner for a stator assembly bore in an electric 
machine, the liner comprising a barrier layer and a 
plurality of shaped elements, the barrier layer being at 
least adequate to form a barrier to fluids whilst the 
shaped elements are configured in use to engage respective 
openings in a cavity in order to reinforce the barrier 
layer* 

Typically, the openings are in the stator coil 
recesses. Furthermore, and usually, the shaped elements 
and openings are evenly distributed. 

Preferably, the liner is formed from material 
resistant to generation of eddy currents. Typically, the 
liner is made from a plastics material or composite such as 
glass fibre reinforced plastics material. 

Preferably, the shaped elements are formed as wedges 
which engage their respective opening to reinforce and 



resist inward displacement of the liner. Possibly, 
subsidiary elements or wedges are provided to augment the 
shaped elements integral with the barrier layer for closer 
conformity with respective openings. Advantageously, the 
5 shaped elements are configured to correspond with 
respective openings of the stator recess such that there is 
keyed engagement between them. 

Typically, in use, each shaped element retains a 
respective stator coil in its stator recess cavity to allow 
10 coolant movement thereabout. 

The present invention also includes an electric 
machine such as a motor or generator incorporating a liner 
as described above and subsequently. 

A liner in accordance with the present invention will 
15 now be described by way of example only with reference to 
the accompanying drawings in which Figure 1 is a section 
radially through an electric machine. 

Figure 2 is an enlarged schematic part section of the 
stator assembly of the electric machine shown in Figure 1. 

In Figures 1 and 2 showing a stator assembly 1 used in 
an electric machine, such as a motor or generator, it will 
be seen that the assembly 1 incorporates a number of coils 

2, normally of copper wire, arranged in cavities 3 formed 
as toothed recesses. These cavities 3 are created from 
steel plate laminations 10 with the appropriate cavity cut 
into each lamination and the laminations stacked to form 
the cavity 3. Each steel plate lamination 10 comprises a 
generally radially outer ring 11 and a plurality of teeth 
12 extending radially inwardly from the outer ring 11. The 
steel plate laminations 10 are stacked coaxially and with 
the teeth 12 in alignment to form the cavities 3. 
Typically, the cavities 3 will have been machine ground for 
accuracy. During assembly the coils 2 may be fabricated 
away from the stator assembly and then slid radially 
outwards upon tooth centres 12 in the centre of each cavity 

3. The stator cavities 3 have openings upon the inner 
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central side of the assembly 1. These openings are closed 
by a liner 4 in accordance with the pr sent invention. 

The liner 4 comprises shaped elements 5 and a barrier 
layer 6 which extends between the elements 5 and around the 
inner circumference or bore cavity 9 of the stator assembly 
1. The inner cavity 9 or bore of the stator assembly 1 is 
arranged to accommodate a rotor (not shown) of the electric 
machine such that there is a minimum air gap between the 
rotor and the inner surface of the liner 4. 

As indicated above electric machines such as motors 
and generators are not 100% efficient such that heat energy 
must be dissipated by cooling particularly with higher 
power electrical machines. Typical coolants are fluids 
such as oil, water or similar liquid. Heat is generated in 
the coils 2 and the core as a result of electrical losses. 
The maximum sustained power output that can be obtained 
from an electrical machine incorporating a stator assembly 
1 usually depends upon the peak temperature allowable for 
the electrical insulation material surrounding the coils 2. 
It is possible to provide liquid cooling in the static 
stator assembly with air or conductive cooling of the 
rotor. Such a combination may be convenient for. 

installation as an electric machine in a gas turbine but it- 
is a necessity to ensure segregation between the coolant 
liquid in the stator assembly 1 and the rotor region. This 
is the purpose of the stator liner 4. 

Typically, each cavity 3 including coil 2 will be 
flooded with coolant during assembly and the liner 4 placed 
in position in order to create a barrier between that 
coolant fluid and the interior cavity 9. in order to 
reduce weight and to ensure there is the minimum gap 
between the teeth 12 and the rotor it is a desirable 
objective to make the liner 4 as thin as structurally 
possible. However, the liner 4 will generally not be made 
from metallic material as this will create eddy currents 
and so affect the performance of the electric machine. The 
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liner 4 will typically be made from a plastics material or 
composite material such as gl ass reinforced plastic. These 
materials do not have the structural strength of metal but 
will not generate eddy currents and are typically lighter, 
i Although plastics and composite materials are 

preferred their reduced structural strength can lead to 
deformation of the liner 4 when subjected to external 
pressure such as that of the coolant/electrical coils in 
the cavities 3 during operation. In accordance with the 
present invention the shaped elements 5 engage the openings 
of the cavities 3 in order to resist internal distortion 
and compression of the liner 4 towards the rotor in the 
cavity 6. It will be appreciated that due to the 
desirability of creating the minimum air gap between the 
rotor and the bottom surface of the liner 4, such 
distortion may create fouling between the rotor and the 
liner 4 with subsequent failure or drag diminishing 
electrical efficiency. 

As shown in the drawing, typically each shaped element 
5 is a wedge shape in particular a dovetail shape, keyed 
into the opening of the cavity 3 such that downward 
pressure towards the cavity 9 by pressurisation of the 
coolant, by the coolant expanding with temperature or the 
electrical coil 2 expanding with temperature is resisted by 
engagement between opposed shoulder surfaces 7, 8 of the 
shaped element 5 and of teeth 12 of the cavity 3. The 
wedging action of the elements 5 holds the coils 2 firmly 
in place, thus making the coils 2 resistant to vibration. 
In such circumstances, the barrier layer 6 between the 
shaped elements 5 is securely anchored by those elements 5 
such that this layer 6 can be made much thinner than 
previously acceptable to resist the external pressures 
created by the coolant and coils 2 in the stator assembly 
1. Typically, the barrier layer 6 will be significantly 
less than 1 mm thick in order to allow close proximity of 
the rotor to the stator assembly l. Without the shaped 
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elements 5 such a thin layer 6 would distort under the 
external pressures created inwardly of the stator assembly 
1 and potentially into engagement with the rotor of the 
electric engine. Minimising the radial gap between the 
5 rotor outside diameter and the stator bore improves power 
density and efficiency of an electric machine 

Manufacture of the stator assembly 1 in accordance 
with the present invention will typically comprise 
construction of the stator assembly l from a number of 
10 toothed steel laminations 10 in order to create the 
cavities 3 as required. Electrical coils typically formed 
from copper „ ire will then be fabricated and slid radially 
onto toothed shapes 12 in each cavity 3. The liner 4 i s 
slxd axially down the length of the stator assembly l 
.5 within the coils 2 and then coolant is supplied into the 
spaces between the liner 4 and the stator assembly 1 to 
flood the coils 2. Each element 5 will enter a respective 
cavity 3 opening. Whilst sliding axially down the openings 
. of each cavity 3 the liner 4 forces each coil 2 radially 
:0 outwards and clamps them in place. The wedge action 
resists inward relief of the coils such that they are 
typically under compression and clamped in place The 
present invention utilises these shaped elements 5 as 
relatively high strength f ixing ^.^ ^ 

5 circumference of the stator assembly 1 bore in order to 
reinforce a relatively thin barrier layer 6 therebetween 
Deformation is limited to the barrier layer 6 between the 
shaped elements 5 in comparison with a previously plain 
section cylinder liner which is not anchored by the shaped 
elements 5 in accordance with the present invention 

The liner 4 is typically moulded or preferably 
manned from a thicker tube such that the shaped elements 
5 and layer 6 are integral and formed from a material which 
as not electrically conductive. 

in order to facilitate easier sliding of a stator bore 
liner ,n accordance with the present invention, integral 
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shaped elements can be designed to be slightly smaller than 
the cavity openings with which they will engage. Thus, 
once the liner is in plac , subsidiary shaped elements can 
be slid into the gap or space typically between the 
integral shaped element and the wall surface of the cavity 
opening in order to create the clamping action as described 
previously. Typically, the subsidiary elements will be 
tapped into place in order to fill the remaining space 
between the liner and the cavity opening. The subsidiary 
elements may have a greater degree of thermal expansion in 
order to provide a tighter clamp and grip within the cavity 
3 opening as temperature increases or otherwise. 

Although described with regard to an electric machine 
it will be appreciated that the present liner could be used 
to segregate two fluids at a cylindrical interface where a 
locally very thin non-metallic liner is required. 

The liner 4 may expand as a result of temperature 
elevation particularly in the barrier layer 6 between the 
shaped elements 5. In order to accommodate such expansion 
the liner 4 may be slightly bowed or distorted from its 
operational configuration when formed but achieve its 
desired operational configuration when the electric machine 
has reached operating temperature. Furthermore, slight 
grooves may be cut into the rear side of the liner 4 in 
order to predetermine and preferentially deform the liner 
as a result of such expansion to the desired configuration 
as required. Generally, thermal expansion of the liner 4 
will not be significant as a result of the relatively low 
temperature (circa 150°C) at which the electric machine 
) operates. Furthermore, the barrier layer 6 between the 
shaped elements 5 is also very thin so that thermal 
expansion is or can be designed as insignificant 
particularly for normal electrical machine operation. 

The shaped elements 5 in accordance with the present 
invention act as reinforcement features which increase 
liner 4 rigidity against external pressure for material 
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expansion of the liner within the bore. 

9. A liner substantially as hereinbefore described with 
reference to the accompanying drawing. 

10. An electric machine such as an electric motor or 
electric generator incorporating a liner as claimed in any 
preceding claim. 

11. An electric machine as claimed in claim 10 wherein the 
liner also restrains a coil in each cavity of the electric 
machine. 

12. Any novel subject matter or combination including 
novel subject matter disclosed herein, whether or not 
within the scope of or relating to the same invention as 
any of the preceding claims. 
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